In the study, electromagnetic weapon systems that are developed as an alternative to modern weapon systems are examined and a design for a rail type electromagnetic weapon system is intended. After a literature review on the sub ject, the comparison of electromagnetic and conventional weapons is made and models of electromagnetic weapons are elaborated. In the study, information of various electromagnetic weapons is provided but the focus is determined to be rail type electromagnetic weapons. Rail type electromagnetic weapons are examined in the study and the design of a low-power weapon prototype is made. For the model developed under laboratory conditions, 8 capacitors are used as a source of ignition. With the rail type electromagnetic weapon system designed, 2613.9 Joule energy is reached.
Introduction
The idea of magnetic weapon that was similar to a linear motor was rst suggested in 1918 but could not succeed. In 1922 a French scientist Louis Octave obtained a patent for Electric Apparatus for Propelling Projectiles however, the project could not be accomplished [1] .
During the 2nd World War, Germany revived the idea for antiaircraft weapons.
Nevertheless, the necessary electrical power could not be supplied and therefore the idea had always been a theory. In 1950, the 500 Megajoule power plant constructed by an Australian physician Mark Oliphant proved that the idea of electromagnetic weapon is not just a theory. Today the endeavor for developing electromagnetic weapons is still in progress [2] .
Electromagnetic weapons
In the literature electromagnetic weapons are examined under four groups, namely coil type, linear, rail type and hybrid type.
Coil Type Electromagnetic Weapons
Coil type electromagnetic weapons rests on the principle of launch of the object located between the solenoids with the electrical propelling force created through a series of solenoid coils. Coil type launchers play crucial roles for the launches of massive objects with mainly medium speeds [3] .
A series of solenoid coils are sequentially connected to sources of stored electrical energy in order to create a magnetic eld that moves in the barrel of the launcher.
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In a coil type launcher, a current should be applied to the solenoids as if the armature would emanate the solenoid.
Various timing and detection circuits are described that are based on optical or inductive sensing of the armature position and fast semiconductor switches [4] .
Linear electromagnetic weapons
Linear electromagnetic weapons, or linear induction launchers, are air-core solenoid launchers that work with the principle of asynchronous motor. By being supplied from a multiphase alternating current the solenoids at the barrel creates moving magnetic eld in the barrel.
In order to increase eciency the barrel may be divided into chambers. Each part is supplied by distinct sources having distinct frequencies. The frequency in a part is more than the one in the previous part.
Hybrid type electromagnetic weapons
Hybrid type electromagnetic weapons are systems that involve both rail and coil type launchers in their structures. The design and construction of hybrid launchers are much more dicult than rail or coil type launchers.
The superiority of hybrid type launchers compared to rail type launchers that necessitate high current or coil type launchers that can be constructed with high costs is that they need lower current in order to attain the same results.
Rail type electromagnetic weapons
Rail type electromagnetic weapons are based on the principle of launching of an object placed between two metal rails with electrical repelling force created. A simple rail type electromagnetic weapon basically comprises of three parts. These are; conductive rails that provide the formation of magnetic eld, conductive projectile that complete the circuit, and the power plant that supply the necessary voltage to the rails [5] . [7, 8] .
Here F denotes force; q, load; v d , drift velocity; and B denotes the magnetic eld formed between the rails. According to Biot-Savart law, the current at the rails creates a magnetic eld between the rails. Then, the current pass through the projectile and a magnetic eld is created within the projectile. Between these two magnetic elds an interaction is occurred [9] .
The current that should pass through the projectile is given below when the distance taken by the q load and the width of the projectile are taken into account [10] .
Hence,
Here I denote current and l denotes the width of the projectile. When Eq. 3 is written into Eq. 2 and when the height of the projectile is examined in very tiny dimensions the following equation is attained. Accordingly;
Here, µ 0 d enotes the magnetic permeability constant of air; i denotes instantaneous current and d denotes the distance from the conductor. For the calculation these two assumptions should also be made current ows thought the center of the rails, and the magnetic characteristics of the rectangular rails are the same with cylindrical conductors.
Here x denotes the innitely low diameter of the conductor and Rc denotes the diameter of the conductor. If Eq. 5 is rewritten in Eq. 4 and if the necessary integrations are taken, approximate Lorentz force between the rails are found as in the following equation.
Here, r denotes the radius. The importance of Eq. 6 can be seen while dening Eq. 7. L can be dened as inductance gradient and its unit is Henry/meter. Attention should be paid to the fact that the value of L is not the inductance of the system. The value of L may be dened as the magnetic eld factor associated with the geometry of the electromagnetic weapon. Therefore, the value of L in the design of electromagnetic weapon is constant.
If Eq. 7 is rewritten in Eq. 6, Lorentz force can be simply written as follows,
Newton's second law is expressed as follows,
Accordingly, because of the assumption that current is constant along with the projectile, the acceleration equation necessary for the acceleration of the projectile is as
In the equation m denotes the mass of the projectile; a, the acceleration of the projectile; Q, load of the capacitors; and t, the duration of the ow of the load. Here, Q load is transferred to the circuit, or to the projectile, by the capacitors in the duration t. In order to determine the speed of the projectile, the entrance of the projectile between the rails should be dened as t = 0 while the exit of the projectile from the rails as t = t and these values should be integrated to the above equation. Speed is the simple integral of acceleration. Accordingly,
Here, v denotes speed. In the equation the values for the mass of the projectile and current pulse are assumed to be constant.
In order to make an analysis of the electromagnetic weapon, theoretically, the rst step should be the assumption that the current has a constant value.
In practice, the system operates with instantaneous current that is subject to the values of capacitor and inductance. These factors may also be used to change the form of the current pulse. As can be observed in Fig. 1, the value of the current starts with zero and reaches its peak value with a sinusoidal trend, and decreases from peak value logarithmically. Accordingly, the increase of the current can be formulized [12] . 
Here, I m and ω denote the peak value, and angular velocity of the current, respectively. The decrease of the current can be formalized as follows:
Here R denotes the voltage of the system and L denotes the inductance of the system. The peak current equation is as follows [13, 14] .
In this equation V 0 and C denote capacitor voltage and capacitor value, respectively. A projectile is desired to have minimum surface area in order it to resist high current density and this surface area is calculated according to maximum current density.
Here, A denotes the surface area of the projectile and J max denotes the maximum current density. In the study, 
Here, ρ denotes the density of the projectile. In the study, by using the Eq. 16 and 17 the mass of the projectile used is found to be 3.05 gr.
As the equations are interconnected and multivariate a software program, namely Matlab, is utilized and the results and the graphs are prepared through Matlab.
The parameters and the necessary processes applied, and the results attained are given Table. Fig. 2 is analyzed, it is seen that on the increasing edge of the current there is no much acceleration of the projectile however in the meanwhile the moment of inertia has been to a large extend overcome. In the decreasing edge of the current is seen that the projectile has gained the desired speed and left the barrel. At direct current as capacitors behave as if there is a short circuit at time zero they draw high current in the rst instance. In order to prevent this inconvenience a strong resistor is attached to the output of the charging circuit.
Capacitor and inductor
In the system by establishing a 54400 µF, that is 0.054 F, capacitor group by connecting 8 pieces of 6800 µF 400 V capacitors in parallel, a high current source is supplied.
As known capacitors are charged or discharged at a logarithmic pace through a resistor. When an inductor is connected to the system in serially, it decelerates the velocity of fall and changes the form of current pulse.
Hence, the duration of current to reach to zero is prolonged. By this means the eect of the current on the projectile would be increased. In the system, instead of a single 1.5 µH inductor, two 0.75 µH inductors are used and these inductors are located on the line from the capacitors to the rails. 
Air accelerator
The rst motion of the projectile in electromagnetic weapons is a big problem. In some systems, at rst, the projectile is in between the rails. In such systems the energy is stored in the rst stage, then by switching through mechanic or semi-conductor materials this energy stored is transmitted to the rails and projectile is red. In the system, the air powered projectile repulsion technique is used. In order projectile to enter between the rails fast, high pressure air is needed. Therefore a compressed air reservoir is used in the system. 
Barrel
The most important part of electromagnetic weapons is the barrel. While the simplest way to adjust the inuence setting is to adjust the quantity of energy stored, the shape of the barrel has also eect on the inuence.
The major parts serving in the barrel are the rails. The rails should be produced from materials having high conductance and durability. The most ergonomic solution is copper rails. An alternative to decrease the friction and resistance of copper is to cover its surface with silver. These copper bars used must have proles that can transfer the current without any warming.
As the currents passing through the rails are in opposite directions, the electromagnetic force created between the rails would repulse each other. Therefore the installation of Plexiglas rail grippers that would resist to this force into each other should be made eciently. 
The installation of the components
Except the aforementioned substances, some tiny parts are also utilized in the system. Connections are made as in Fig. 7 and the nal version of the weapon that is ready to use is as in Fig. 8 . clung to the rails and could not leave the rails. The results attained can be seen from the graph in Fig. 9 . Consequently, a separate increase in the capacity is a solution for increasing the speed but it is not sucient since an increase in the capacity causes increases energy losses and changes in the projectile mass. Accordingly, the type or shape changes because of its density. If these changes are not done, because of the arc there would be deformation at the projectile and rails.
Reductions in projectile mass are not an adequate solution itself to increase the speed. If this change is accommodated with an increase in the barrel length, the projectile would be projected without any energy loss.
However, in this case, the disadvantage would be the contraction of the projectile, in other words a change in the material of the projectile and a decrease in the explosive material.
The method of increasing the voltage and speed adjustment is easier than changing the mass and the capacity.
However, if a change in the length of the barrel would not be made in this method, waste energy arises, more arcs between the projectile and the rails are formed and hence more deformation at the rails occurs.
If the results are examined, it would be seen that the speed adjustment is a multivariate question. Instead of single variations in the voltage capacity or mass, it is healthier to adjust the speed with proper calculations and simultaneous changes.
The most practical way of attaining the ignition current is to use capacitors. However capacitors cannot be dened as complete power plants due both to their dimensions and capacities. The developments in the nuclear energy may help to the production of electromagnetic weapon systems that may be used in real life.
The current passing through a conductive causes it to warm up. As electromagnetic weapons extract high currents the system overheats. By applying necessary cooling techniques optimally and paying attention the choice of material to be used in the rails, precautions may be taken against warming.
Because of high temperature and current the rails may melt. Melting rails may change their shapes and their molecular structure may change. Attention should be paid to the atomic structure of the materials chosen.
It is necessary that the piece to be projected should transmit the current by contacting to both rails. If the projectile is too large, the speed may decrease and even it could not get out of the barrel. If the projectile is not large enough, it may not contact to both rails or due to the centrifugal motion it makes point contact, instead of supercial and the projectile would be projected without eciency but with high deformation at the rails and the projectile itself. Therefore utmost attention should be paid to the dimensions of the projectile.
